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Abstract 
Flower petal epidermal cell shape and ultraviolet patterns called nectar guides may have a 
considerable impact on pollinator behavior and consequently, the reproductive success of the floral 
species. Similarly, flower petal epidermal cell shape may have an effect on floral color; however, these 
effects have only been measured in the visible light range (Whitney et al., 2009). This study attempts to 
determine if epidermal cell shape has an effect upon ultraviolet floral patterns. Experimental results 
show that all of the floral species studied seem to have a conical epidermal cell shape, but varying levels 
of ultraviolet reflectance and absorbance; therefore, a relationship does not seem to exist between 
epidermal cell shape and ultraviolet reflectance. However, the data obtained regarding M. ringens will 
provide for a good foundation for future studies regarding ultraviolet patterns and any potential effects 
upon pollinator behavior. 
Introduction 
It is widely accepted that flowers have evolved as a mechanism for attracting pollinators to increase 
plant reproductive success, but the exact methods by which pollinator attraction occurs remains to be 
discovered (Cooley, Carvallo, and Willis, 2008). The ability to provide an attractive landing pad for bees 
is critical to plant reproductive success; therefore, many flowering species have evolved certain 
characteristics that aid in attracting pollinators (Cooley, Carvallo and Willis, 2008). Bright colors, petal 
arrangement, and fragrant scents are all characteristics easily observed by humans; however, there are 
many other displays which are not as easily recognized that may be important factors for pollinators, 
such as petal surface structure, texture, shape, and ultraviolet (UV) patterns (Whitney et al., 2011). 
When attracting pollinators to a patch of flowering plants, it is important to consider the visual 
appearance of those flowers from the long-range perspective of pollinators (Horth, Campbell and Bray, 
2014). Early research in the field of arthropod vision concluded that honeybees (Apis mellifera) respond 
to and distinguish colors (Giurfa, Zaccardi and Vorobyev, 1999). Later studies have established that the 
compound eyes of bees have trichromatic color vision (Giurfa, Zaccardi and Vorobyev, 1999). The three 
photoreceptors found in bees include a short-wavelength (S)-receptor, peaking in the ultraviolet region 
of the visual spectrum at ~344 nm, an (M)-receptor, peaking at ~436 nm in the blue region, and the (L)-
receptor which peaks in the green region at ~544 nm (Giurfa, Zaccardi and Vorobyev, 1999). The ability 
of bees to distinguish colors in the ultraviolet spectrum is particularly interesting, as it is nearly 
impossible for humans—lacking the ability to see colors in the ultraviolet spectrum—to imagine how 
these ultraviolet colors appear. With the help of UV photography, many flower petals have been 
observed to absorb and reflect UV light in patterns that may serve as UV nectar guides. Many floral 
species exhibit a bull’s eye pattern (Koski and Ashman, 2013), as seen in Figure 1, where the dark 
regions at the base of a petal in UV photography indicates UV absorption, while light regions indicate UV 
reflectance at petal tips. These UV patterns may allow pollinators to easily identify the location of 
flowers and quickly find nectar upon landing (Koski and Ashman, 2013). 
 
 
  
 
 
 
 
 
 
 
Once a pollinator has discovered a flower via visual and olfactory cues, additional sensory cues are 
taken into consideration before obtaining nectar and pollination occurs. Previous experiments have 
suggested that honeybees are able to distinguish flowers without the influence of visual or olfactory 
cues by using the trichodea sensilla on their antenna (Whitney et al., 2009). By using these tactile clues, 
bees are able to distinguish between flat epidermal cells and conical epidermal cells, as bees are more 
likely to reject flowers with flat epidermal cells than conical epidermal cells (Whitney et al., 2009). It has 
been suggested that conical epidermal cells—found on the majority of insect-pollinated flowers—may 
serve as footholds for bees while they forage for nectar (Whitney et al., 2009). In addition to providing 
footholds, conical epidermal cells may also have an impact on the color of flower petals by behaving as 
lenses, increasing color saturation and perhaps increasing attractiveness to pollinators as well as aiding 
in pollinator orientation on the flower (Glover and Martin, 1998). One study (Kay et al., 1981) examining 
epidermal cell shapes suggested that conical cells may scatter light causing for a sparkling or velvety 
petal appearance.  
Based upon what is known about the reflectance and epidermal cell characteristics, this experiment 
aims to characterize these traits in several diverse floral species. Upon classifying these traits, I can 
speculate whether there is a relationship between epidermal cell shape and UV reflectance. In addition, 
by determining reflectance values in the UV-range, I can speculate if each species possesses UV patterns 
or UV nectar guides. If UV nectar guides are present, I would expect to see low reflectance values in the 
ultraviolet regions, as this means ultraviolet light is being absorbed and would cause the dark regions, as 
seen in Figure 1.  
 
Figure 1: An example of UV nectar guides on Argentina pacifica flower as shown with 
UV photography. Image obtained from Matthew H. Koski and Tia-Lynn Ashman, 2013. 
Background 
To determine whether a UV nectar guide may be present and to characterize petal reflectance, I 
measured a microscopic petal sample area using a UV-Vis microspectrophotometer. The UV-Vis 
microspectrophotometer, as seen on the diagram in Figure 2, emits white light which is focused onto a 
microscopic sample area (CRAIC Technologies, 2012). Light that is not absorbed by the sample is then 
reflected back into the aperture, separated into different wavelengths by an optical grating, and the 
light intensity is measured by a Charge Coupled Device (CCD) detector and mapped onto a spectra graph 
(CRAIC Technologies, 2012). In this experiment, a microscopic sample area indicated by the black box in 
Figure 2 is evaluated for the wavelengths of light reflected from the petal surface ranging from the 
ultraviolet (~200 nm) to the end of the visible range (~700 nm).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In addition to reflectance, absorption data in the UV-visible range was obtained using solutions of 
extracted pigment from each species and a UV-visible spectrophotometer. The spectrophotometer 
emits a beam of white light which is then scattered into component wavelengths using a prism, as seen 
in Figure 3 (University of Queensland, 2015). These scattered wavelengths pass through a liquid sample 
solution and any light that manages to pass through the sample is measured by a detector (University of 
Queensland, 2015). The intensity of light is reduced at wavelengths which the sample is absorbing light, 
allowing absorbance of the sample to be measured (University of Queensland, 2015). By obtaining 
Figure 2: To the left is a schematic diagram depicting how a microspectrophotometer measures reflectance. 
Schematic diagram courtesy of CRAIC Technologies, 2012. The image on the right is a M. ringens petal taken 
while measuring reflectance spectra using a UV-Vis microspectrophotometer. 
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absorbance values, I can compare this to the reflectance values and attempt to draw conclusions about 
whether nectar guides are present and where peaks occur for each species.  
 
 
 
 
 
 
 
To classify epidermal cell shape, a scanning electron microscope (SEM) will be used to obtain images 
of the petals belonging to each species. The SEM functions by using electrons instead of light to obtain 
an image. A beam of electrons is projected onto a specimen in a vacuum. Once the incident beam of 
electrons strikes the specimen surface, additional electrons and x-rays are ejected and detected by 
sensors. The SEM then detects ejected electrons and x-rays and forms an image. This data combined will 
help determine if a relationship exists between epidermal cell structures and UV reflectance and 
absorbance. 
Materials and Methods 
The floral species used in this experiment were chosen based upon the limited scientific 
knowledge of their reflectance and surface structure. Flowers chosen for this experiment without much 
data on UV reflectance or epidermal cell shape included Kalanchoe blossfeldiana (red color morph), 
Cineraria longipes (blue color morph), Narcissus longispathus (Daffodil), and Narcissus dubius. Due to 
previous experience with Dr. Mitchell’s graduate student (Mimi Jenkins) identifying Mimulus ringens in 
the field, these flowers were chosen as a wild plant to study. Although there is some research on the 
genus Mimulus, there is limited research on the reflectance values of M. ringens and is limited to other 
species (Rae, 2013). The K. blossfeldiana, C. longipes, and N. longispathus were all purchased from 
Donzell’s Garden Center in Akron, Ohio. Flowers from M. ringens were collected from the Garden Bowl 
at the UA Field Station in Bath, Ohio. The N. dubius bulbs were obtained from Dr. Mitchell, who brought 
them out of the cold storage room. The N. dubius bulbs were placed in the UA greenhouse in late 
January, where they were under grow lights for 15 hours every day until flowers bloomed 
(approximately 6 weeks). The K. blossfeldiana, C. longipes, and N. longispathus were also kept in the 
greenhouse under grow lights for 15 hours every day until data could be collected. The greenhouse was 
kept at approximately 21⁰C for the entirety of the experiment and all of the plants were watered 
Figure 3: A schematic diagram depicting how a spectrophotometer measures absorbance of a 
sample solution. Schematic diagram obtained from University of Queensland, 2015. 
approximately every two days. M. ringens was identified in the field in August 2014 based upon its 
unique flower morphology and square stem. For M. ringens collected from the field in August, small 
scissors were used to clip just beneath the sepals of the flower, separating the flower from the peduncle 
(stem). Forceps were used to handle the flowers to prevent any oil from hands from coming into contact 
with the petals and prevent epidermal cell damage, which could corrupt reflectance and SEM data 
obtained. Flowers were placed into sandwich bags and stored in a cooler for no longer than 48 hours 
before collecting data on reflectance and SEM. Whole collected from the plants in the greenhouse (K. 
blossfeldiana, C. longipes, N. longispathus, and N. dubius) were collected using forceps and small scissors 
and placed into plastic sandwich bags. Prior to any data collection, each species was dissected under a 
dissecting light microscope to ensure only petals were obtained from the flower. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Narcissus dubius (Image A), Cineraria longipes (Image 
B), Kalanchoe blossfeldiana (Image C), Narcissus longispathus 
(Image D), and Mimulus ringens (Image E). Black boxes in each 
of the images show where reflectance and SEM data were 
collected. 
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UV-Visible Reflectance 
In order to obtain reflectance data, a CRAIC Flex UV-Vis Microspectrometer in Dr. Shawkey’s lab 
was used. Prior to data collection, a dark scan and reference scan need to be obtained. The dark scan is 
performed by closing the shutter to block out ambient light, while the reference scan was performed on 
white Teflon tape. Focusing was performed during the reference scan as well as each time the 
microscope scanned across a flower petal to ensure proper readings. Scans were performed on the 
ventral side of the flower petals from 200–700 nm range to obtain data on the ultraviolet to the end of 
the visible spectrum.  A minimum of 3 scans were performed on 3 petals from each species, with each 
petal of the same species being obtained from the same plant. 
UV-Visible Absorbance 
Absorbance values were obtained using a spectrophotometer (M2E Spectra Max Microplate 
Cuvette Reader) on liquid pigment extractions from petals of each species. Petals from each species 
were weighed using a scale in Dr. Mitchell’s lab, each weight was recorded, and the petals were ground 
using a ceramic mortar and pestle. Next, 3 mL of 200 proof ethyl alcohol (ethanol) were used as a 
solvent to extract pigments from the ground petals until a colored solution was obtained. The colored 
solution was then filtered using filter paper to remove large petal particles and the filtrate was stored in 
labeled vials, covered with aluminum foil to prevent light damage, and placed upright into the 
refrigerator. Data collection on absorbance values was no more than 48 hours after pigment extraction 
and refrigeration took place to avoid any pigment damage. A blank solution of approximately 3 mL of 
ethanol was used as a reference scan each time absorbance was measured using the 
spectrophotometer.  Absorbance was collected on each sample from 200–700 nm range to obtain 
absorbance in the ultraviolet to end of the visible spectrum. Upon switching samples, the glass cuvette 
was rinsed with ethanol inside and out to remove excess sample solution and any fingerprints, filled 
with ethanol as a blank scan, emptied, and then filled with the sample solution. Each new sample was 
inverted 3 times to ensure proper mixing and a new disposable pipette was used to transfer samples 
from the vial to the cuvette to prevent contamination of samples. Absorbance spectra were obtained 
and organized into an Excel spreadsheet for later analysis. 
Scanning Electron Microscopy (SEM) 
Per Dr. Mitchell’s advice to save time and money, a high vacuum SEM and sputter coating were 
not performed on the samples. A low vacuum environmental scanning electron microscope (SEM) in the 
Geology Department (Quanta 200 Environmental Scanning Electron Microscope and EDS attachment) 
was used to obtain images of each petal’s epidermal cell shape. Flower petals were separated from each 
plant using scissors and forceps no more than 15 minutes prior to being analyzed by SEM. Petals were 
transported to the Geology Department in sandwich bags and were placed ventral side up on the SEM 
posts. SEM was performed in the middle of the petal at various magnifications to ensure a variety of 
images for each species.  
 
Results and Discussion: 
The results obtained for the average petal reflectance were rather surprising, as M. ringens was 
the only species found to have zero reflectance in the ultraviolet region, suggesting there may be a UV 
nectar guide present due to the inverse relationship between reflectance and absorbance. However, the 
high reflectance values of K. blossfeldiana, N. dubius, C. longipes, and N. longispathus in the ultraviolet 
region (250-400 nm) may still play a role in pollinator attraction. This high reflectance in the UV region 
may appear very bright to pollinators; therefore, also attracting pollinators to those flowers. In addition, 
the peak around 425 nm for N. dubius was rather surprising, as these petals are white in color and 
shouldn’t have a peak in the blue region, but rather a consistent reflectance across all wavelengths 
should be present for white light to be reflected. The rest of the reflectance data were as predicted by 
petal color: reflectance peaks occur in the regions corresponding to the petal’s respective color. For 
example, K. blossfeldiana has maximum reflectance around 700 nm and therefore appears red in color 
due to surface absorption of all other colors and reflection of red light. This trend is also seen with M. 
ringens with max. reflectance at ~420 nm, C. longipes with max. reflectance at ~425 nm, and N. 
longispathus with max. reflectance at ~600 nm in the visible range. 
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Graph 1: Average petal reflectance for K. blossfeldiana, N. dubius, C. longipes, N. longispathus, and M. 
ringens. Averages were taken of three reflectance scans on each petal with a total of three petals 
from each species. Graphs of the averaged three reflectance scans for each species’ average can be 
found in the Appendix. 
Results for petal absorbance were also rather surprising and did not agree with the data 
obtained for average petal reflectance. It is important to note that pigment extractions that were 
performed on M. ringens while still in bloom were not concentrated enough to obtain absorption data 
and the pigments may have degraded before an attempt to collect absorption data was made. An 
attempt was made to recollect flowers for absorption data by bringing 17 potted M. ringens plants out 
of cold storage in January, placing them underneath grow lights in the greenhouse for 15 hours a day for 
several months, but ultimately M. ringens failed to bloom in time for data collection for the final paper. 
For the remaining species, one would expect to see very low absorbance values for C. longipes, K. 
blossfeldiana, and N. longispathus from 250-400 nm, as these species exhibited high (~25%) reflectance 
in these regions. Surprisingly, these three species had absorbance values in the ultraviolet range (200-
400 nm) greater than expected, which would normally suggest the presence of UV-absorbing pigments 
and perhaps the presence of nectar guides. Due to the nonspecific nature of the pigment extraction 
performed (refer to Materials and Methods – UV-Visible Absorption above), it is possible that these 
three species contain UV-absorbing pigments hidden beneath the epidermal cell surface and beyond the 
detection of the UV-Visible microspectrophotometer. The N. dubius absorption values were as expected, 
with little to no absorption occurring across the entire region from 200-700 nm. This is as expected, as 
the N. dubius petals are white, meaning they shouldn’t absorb light at any wavelength. The N. 
longispathus absorption peaked around 400 nm (purple/blue region) and tapered off to zero absorption 
upon approach to the 500 nm (yellow region). This is expected, as the flowers for N. longispathus are 
yellow and should therefore have very little absorption in that region. Overall, the absorption spectra 
were rather surprising and future studies should further examine these findings and obtain absorption 
data for M. ringens. 
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Graph 2: Absorbance for pigment extractions of K. blossfeldiana, N. dubius, C. longipes, and N. 
longispathus.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The SEM images from N. dubius (A1-A3) either show a strange, flattened honeycomb epidermal cell 
shape or another example of damaged conical epidermal cells. However, if the bottom left corner of Image A1 
(indicated by a white arrow) is examined, it is possible to still see some intact conical epidermal cells on N. 
dubius. 
 
 
 
 
A1 A2 
A3 Images A1-A3: SEM images taken in the middle of an N. 
dubius petal with ventral side face up. Image A1 was 
taken at 76x magnification, Image A2 at 947x 
magnification, and Image A3 at 4734x magnification. 
Epidermal cells appear to be flattened and damaged by 
the SEM laser. The white arrow in Image A1 suggests the 
presence of undamaged conical/papillate epidermal 
cells. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B2 B1 
Images B1 & B2: SEM images taken in the middle of a C. longipes petal with the ventral side face up. Image B1 was taken 
at 754x magnification and Image B2 at 133x magnification. Epidermal cells appear to be conical/papillate in shape. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C1 
C3 
C2 
Images C1-C3: SEM images taken in the middle of a K. 
blossfeldiana petal with the ventral side face up. 
Image C1 was taken at 133x magnification, Image C2 
at 2272x magnification, and Image C3 at 9467x 
magnification. Epidermal cells appear to be 
conical/papillate in shape. Image C3 shows possible 
signs of damage from the SEM laser. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D1 D2 
Images D1 & D2: SEM images taken in the middle of a N. longispathus petal with the 
ventral side face up. Image D1 was taken at 2462x magnification and Image D2 was taken 
at 18935x magnification. Images D1 and D2 show signs of damage by the SEM laser. 
E2 E1 
Images E1 & E2: SEM images taken in the middle of a M. ringens petal with the ventral side face up. Image E1 was 
taken at 189x magnification and Image E2 was taken at 1420x magnification. Most epidermal cells appear 
conical/papillate in shape. White arrows point to what seems to be glandular trichomes, which may be 
responsible for coating the M. ringens petal with lipids. 
Perhaps the most intriguing find from the SEM images were from M. ringens (Images E1 & E2). 
Images E1 & E2 show a conical epidermal surface with numerous hair-like projections and pockets 
dispersed across the petal. Based upon a comparison of morphology, it is possible these projectile cells 
are glandular trichomes that may secrete lipids or oils onto the petal surface (Nogueira et al., 2013). 
Although the purpose for these glandular trichomes has not been determined in M. ringens, studies 
suggest that the oil secreted from glandular trichomes may function to attract pollinators, as some bee 
species use modified appendages to collect these lipids as food for larvae and for use in cell linings 
(Buchmann, 1987). In addition, glandular trichomes may also function to discourage herbivores or 
prevent the plant from desiccation (Nogueira et al., 2013).   
Sample 
Petal 
Color Weight (g) 
Ethanol 
(mL) 
 Reflectance 
Peaks in 
Visible Range 
(nm) 
UV 
Nectar 
Guides  
Epidermal Cell 
Shape 
SEM 
Damage? 
N. dubius White 0.16 3 420 nm No Conical Yes 
C. longipes Blue 0.19 3 425 nm No Conical Some 
K. blossfeldiana Red 0.27 3 700 nm No Conical Some 
N. longispathus Yellow 0.17 3 650 nm No Conical Yes 
M. ringens Purple N/A N/A 415 nm Likely  
Conical and 
hair-like 
projections No 
 
 
Epidermal cell shapes were characterized using SEM and images for each species are shown in 
previous pages. It seems that some of the delicate flower petals were damaged in the scanning process. 
Some of the SEM images show what appear to be deflated conical cells (Images B2, C3, and D1), which 
likely indicate damage in the scanning process. Because each flower petal was carefully handled only on 
the edges with forceps, the damage likely occurred during the scanning process using the SEM laser. In 
particular, it was very difficult to obtain images closer than 1000 magnification or less than 20 μm. This 
was due to the damage done by lingering too long on individual epidermal cells with the beam in an 
attempt to focus the images. Moreover, Tom Quick from the Geology Department allowed me to learn 
firsthand how to obtain SEM images and beginner mistakes made on my part likely contributed to the 
damaged cells and poor image quality. Overall, every floral species studied was found to have conical 
shaped epidermal cells and no obvious relationship with reflectance or absorbance values. 
 
 
 
 
Table 1: Data collected on N. dubius, C. longipes, K. blossfeldiana, N. longispathus, and M. ringens petals  
Conclusion 
In conclusion, this experiment showed no apparent relationship between epidermal cell type 
and UV reflectance/absorption, as there were no patterns linking the two variables. It is important to 
note that M. ringens was the only species to show zero reflectance values in the ultraviolet range, 
suggesting the presence of high absorption and UV nectar guides. However, due to mistakes made when 
first making solutions of M. ringens extracted pigment as well as potted M. ringens failing to bloom in 
the greenhouse in time, absorbance data was unable to be obtained for M. ringens. Data obtained for 
petal absorbance appear to be unreliable, as N. longispathus, K. blossfeldiana, and C. longipes showed 
higher than the expected value of zero absorbance from 250-350 nm, despite having high reflectance 
values in the same range. It is likely that absorbance values before 250 nm is just spectral noise and 
should be disregarded. Finally, due to the sensitive nature of flower petals, damage occurred while 
obtaining SEM images for many of the species. Future studies on floral epidermal cells should use 
sputter coating and a high vacuum to prevent cell damage and higher quality images. From the SEM 
images obtained, it is likely that all of the floral species studied have conical shaped epidermal cells; 
therefore, no measurable connection can be made between reflectance or absorbance values and 
epidermal cell shape.  
Although this study was not very productive in terms of new findings about reflectance, 
absorbance, and epidermal cell structures for these species, I was introduced to many new lab 
techniques in the process of performing this study. The reflectance and SEM data obtained for M. 
ringens will provide a launching point for future Honors Research Projects involving UV reflectance, 
absorbance and nectar guides. From the SEM images for M. ringens (Images E1 & E2), one can speculate 
that the strange hair-like projections are glandular trichomes which function to secrete lipids on the 
petal surface and may have an effect on attracting pollinators. From my experience in the field with M. 
ringens, I have noticed that upon contact with the petal surfaces, a colorless, sticky substance is present 
on the petal surface. Although the function of this substance remains unknown, future studies could 
examine the chemical properties of this substance or the effects it has upon pollinator behavior. 
Furthermore, future studies could also examine whether there is a relationship in M. ringens between 
UV reflectance/absorbance or nectar guides as well as pollinator behavior and reproductive success or 
seed count.  
 
 
 
 
 
 
 
 Appendix 
 
Graph 3: The average values of reflectance for the three petals in N. dubius. Each petal was scanned 
three times and the values were averaged. 
 
Graph 4: The average values of reflectance for the three petals in C. longipes. Each petal was scanned 
three times and the values were averaged. 
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 Graph 5: The average values of reflectance for the three petals in N. longispathus. Each petal was 
scanned three times and the values were averaged. 
 
Graph 6: The average values of reflectance for the three petals in M. ringens. Each petal was scanned 
three times and the values were averaged. 
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 Graph 7: The average values of reflectance for the three petals in K. blossfeldiana. Each petal was 
scanned three times and the values were averaged. 
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